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(54) PATTERN FORMING ANOMALIES DETECTING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a method 
detecting anomalies due to a focus position shift in an 
aligner on the plus defocus side when patterns are 
formed. 

SOLUTION: Relationship between the tilt angle of a 
resist pattern edge and the focus position is determined 
and a taper angle 0 of a resist pattern 1 1 formed on a 
semiconductor substrate 1 0 by a reduced projection 
aligner is calculated. The focus position shift of the 
reduced projection aligner is measured from the taper 
angle 8 and the relationship between the tilt angle of the 
resist pattern edge and the focus position. 
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Japanese Patent Application Laid-open No. Hei 10*154647 
(English Translation) 

—Paragraphs from [0018] to [0027] in specification— 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0018] 

First Embodiment 

The first embodiment of the present invention will be explained with reference to Fig. 
1 to Fig. 5. Fig. 1 is an explanatory view of a method of forcus management of a 
semiconductor integrated circuit pattern and Fig. 2 is a graph showing a relation between an 
inclination angle of a resist pattern edge and a focus position. 

[0019] 

As shown in Fig. 1, a photoresist 11 is applied on a semiconductor substrate 10, and a 
mask pattern (reticule) which serves as a semiconductor circuit pattern is exposured and 
transferred on the resist 11 using a scaled projection and exposure apparatus. Aside from the 
semiconductor circuit pattern, a pattern for size measurement having an interval between a line 
and a space of 1 :2 or more, which is nearly in a state of being isolated, is provided in advance in 
this mask pattern. After exposure, the size of the developed resist pattern is measured with an 
electron beam length measuring device. As shown in Fig. IB, since the shape of the first 
transition and the last transition of a signal waveform detected by a secondary electron detector 
varies according to the inclination of the resist pattern edge, it is possible to calculate the taper 
angle 0 of the resist pattern by determining the intersecting angle between the waveform of the 
first and last transition angle and the reference waveform of a scanned portion on the substrate. 

[0020] 

As shown in a conventional example in Fig. 12, the sectional shape of a resist is a taper 
shape at a focus position on the plus side. Fig. 2 is prepared from a relation between this resist 
sectional form and the focus position, the focus position of a scaled projection and exposure 
apparatus is measured based on the resist taper angle obtained by Fig. 1 . When a resist having 
little change in the sectional shape of the resist on the minus defocus side is used, as shown in 
Fig. 3, a focus management pattern 13 is formed on the bump 12 (site having a difference in 
level) of the semiconductor substrate 10. By doing in this manner, it can be set on more plus 
focus side from the best focus position of the main body focus circuit pattern 14. Accordingly, 
it is possible to conduct focus management of the main body circuit pattern 14 by managing the 
taper angle. 
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[0021] 

Furthermore, as shown in Fig. 4, when a half tone phase shift mask 1 5 is used, on the 
periphery of the main body circuit pattern being a half tone region 16, a chromium region (Cr 
region) 17 perfectly shielding an exposure light is arranged and a focus management pattern 18 
is formed in the chromium region 1 7. When the focus management pattern 1 3 is set on the 
bump 12 (a site having a difference in level) as shown in Fig. 3, similarly to the time when the 
focus position of the focus management pattern 1 3 is shifted on the plus focus side in relation to 
the focus position of the main body circuit pattern 14, it is possible to create positional 
displacement of a focus between the main body circuit pattern and the focus management 
pattern. In other words, since an exposure light which has passed the half tone phase shift 
mask 1 5 creates a phase difference between the half tone region 1 6 and the chromium region 1 7, 
the focus manegement pattern 18 formed in the chromium region 17, positional displacement of 
a focus from the half tone region 16 occurs. 

[0022] 

It should be noted that in the first embodiment, a pattern in the ratio of the line to the 
space of 1 :2 or more, which is nearly in a state of being isolated, and easy to detect the taper 
angle of the resist pattern, is used. However, other resist patterns having other ratios can be 
used. Furthermore, although the electron beam measuring device is used for determining a 
taper angle of the resist pattern on the semiconductor substrate, as shown in Fig. 5, coherent 
light is radiated on the resist pattern 11 and multi-order light intensity diffracted from the resist 
pattern is detected to determine a resist pattern shape by reverse Fourie-transform processing as 
shown below. Thus, it is possible to determine the taper angle of a resist pattern. Note that in 
Figs. 5, 20, 21, and 22 are light detectors. Lo designates zero-order light, L\ designates plus 
primary light, L 2 designates minus primary light, L3 designates plus secondary light, and L4 
designates minus secondary light. 

[0023] Suppose that 8 = a/b, 5 = 2nd/X, r| = (b-a-2c)/b 

I1/I0 55 (sin 7is - 2sin7i8 x simtri x cos 5 + sin 7rr|)/{7i (s + 28r| x cos 5 + r| )— (D 
In = (sin 2 7i8 + 2sin7ie x sin7rr| x cos 2 5 + sin 2 7ir|)/4{sin 2 7te - 2simt8 x sin7ir| x cos 2 8 + 
sin 2 7rn}- © 

In/Io = (sin 2 n7ce - 2x(-l) n sin(n7i8) x sin(n7rr|) x cos 2 5 + sin 2 n7rri)/{n 2 7i 2 {8 2 + 2er|COS 2 8 + 

Tl 2 )™ ® 

where Io designates zero-order diffraction light intensity, I] designates primary diffraction light 
intensity, and I n designates n-th order diffraction light intensity. 

[0024] By using the above equations ®, (2) and (3) as simultaneous equations, 8, 5 
and r| are determined so that the taper angle of the resist can be determined. 

Second Embodiment 
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The second embodiment of the present invention will be explained using Fig. 6 to Fig. 
10. Fig. 6 is a rectangular pattern 25 which is used for detecting positional displacement of a 
focus, Lh designates a shorter side and Ly designates a longer side. 

[0025] 

Fig. 7 shows a simulation result of exposure light intensity of the rectangular pattern, 
in which the ratio of a shorter side Lh to a longer side Lv is nearly 1 :2, Fig. 7 A is at the time of 
best focus and Fig. 7B is at the time of 0.6 jum defocusing. The values in Fig. 7 indicate 
relative light intensity. It is found that the ratio of the shorter side Lh to the longer side Ly 
varies according to the defocusing. Fig. 8 shows the ratios in length of the shorter side Lh to 
the longer side Ly at the time of varying the focus, which are determined by light intensity 
simulation of Figs. 7A and 7B. It is possible to determine the positional displacement of a 
focus by measuring the ratio of the shorter side Lh and the longer side Lv of the rectangular 
pattern 25 because the size ratio of the shorter side Lh to the longer side Ly varies according to 
the positional displacement of the focus. 

[0026] In the second embodiment, the rectangular pattern 25 is used for detecting 
positional displacement of the focus. As shown in Fig. 9, however, it is possible to provide a 
supplementary pattern 26 in the vicinity of the rectangular pattern 25 for the purpose of 
enhancing the size change ratio caused by the positional displacement of the focus. In other 
words, due to an optical interference effect owing to the supplementary pattern 26, it becomes 
possible to emphasis difference in resolution power between a shorter side direction and a 
longer side direction, and as a result, it becomes possible to enhance the size change ratio due to 
the positional displacement of the focus. 

[0027] 

Furthermore, as shown in Fig. 10, it is also possible to provide zone plate patterns 27 
as supplementary patterns having a radius Si for each ring shown in an equation ® below. 
S, = J~(nXf) 

where f is a focal length of the zone plate. Thus, by using the zone plate pattern 27, it becomes 
possible to further enhance the optical interference effect more, and to improve a difference in 
size conversion in relation to the positional displacement of a focus. 
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-CLAIMS - 

WHAT IS CLAIMED IS: 

1. A method of detecting pattern formation abnormalities, comprising 
determining a relation between an inclination angle and a focus position of 

a resist pattern edge; 

calculating a taper angle of the resist pattern formed on a semconductor 
substrate by a scaned projection and exposure apparatus; and 

measuring positional displacement of a focus of said scaled projection and 
exposure apparatus from the relation between the inclination angle of said resist 
pattern edge and the focus position based on said taper angle. 

2. The method of detecting pattern formation abnormalities according to 
claim 1, wherein the taper angle of said resist pattern is calculated from a signal 
waveform obtained by scanning electron beams on the resist pattern formed on the 
semiconductor substrate. 

3. The method of detecting pattern formation abnormalities according to 
claim 1, wherein the taper angle of said resist pattern is calculated by irradiating 
the resist pattern formed on the semiconductor substrate with coherent light and 
detecting the diffraction light from said resist pattern. 

4. The method of detecting pattern formation abnormalities according to 
claim 3, wherein the taper angle of the resist pattern is calculated by determining 
the strength ratio between zero-order diffraction light and primary, secondary and 
n-th order diffraction light. 

5. The method of detecting pattern formation abnormalities according to 
claim 1, wherein the resist pattern formed on the semiconductor substrate 
maintains a ratio of line to space to be 2 or more. 

6. The method of detecting pattern formation abnormalities according to 
claim 1, wherein the resist pattern is formed on a bump (a site having a difference 
in level) formed on the semiconductor substrate. 

7. The method of detecting pattern formation abnormalities according to 
claim 1, wherein the resist pattern is formed in a chromium region formed on a 
halftone phase shift mask. 

8. A method of detecting pattern formation abnormalities, comprising: 
determining a relation between a ratio in length of the shorter side to the 

longer side of a rectangular resist pattern and a focus position; 

forming a rectangular resist pattern on the semiconductor substrate using 
a scaled projection and exposure apparatus; and 
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determining positional displacement of a focus of said scaled projection 
and exposure apparatus from a relation between a ratio in length of the shorter 
side to the longer side of said rectangular resist pattern and a focus position based 
on the ratio between the shorter side length and the longer side length of said 
rectangular pattern. 

9. The method of detecting pattern formation abnormalities according to 
claim 8, wherein a supplementary pattern is arranged in the vicinity of the 
rectangular pattern. 

10. The method of detecting pattern formation abnormalities according to 
claim 9, wherein the supplementary pattern is a zone plate pattern. 
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